In this study we outline a design approach for decoupled control systems in the presence of large parameter variations. The decoupling problem is of practical interest in flight control problems, especially in the landing mode where it is desireable to independently control certain output variables, e.g., flight path angle, forward speed, etc. A common source of parameter variations in flight control problems is the result of linearization about a number of different operating points. It is assumed in this study that parameter variations may be represented by a discrete finite set of possible values, corresponding to different flight conditions and that the complete system state is not available.
INTRODUCTION
The theory of decoupling with no parameter variations is well developed.
See, for example, references 111 and [ 2 1 .
Some work has been done by Fabian and Wonham, [ 3 ] , on decoupling with small parameter variations. However very little work has been done on decoupling with large parameter variations. In reference [ 4 ] , Dorato, Wang, and Asher develop conditions €or perfect decoupling with a discrete finite parameter set. However, in most practical cases the conditions for perfect decoupling are not satisfied. Thus in general, with parameter variations it is necessary to minimize some measure of interaction in any decoupling design.
A classical approach to the problem posed here is to use large loop gain around the plant to reduce the matrix transfer function to a good approximation of the unit matrix and then precede the feedback system with a known diagonal precompensator. An outline of this approach may be found in reference [ 5 1 . This approach has considerable merit, however, it is a trial and error approach which in addition requires a large number of graphical displays.
The design approach suggested here irr volves the following steps: 1. A full order observer, [ 6 1 , is designed, based on a s e t of nominal parameter values, to generate a state estimated, S.
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A feedback control law of the form U = Fv + K? is selected with design parameters consisting of all or selected entries of F and K. An interaction function is minimized with respect to F and K, subject to constraints on the diagonal elements of the closed-loop transfer function. The minimization problem may then be solved via a nonlinear programming algorithm. The interaction measure is selected to be of the form 2 kZ3
Where i denotes the parameter set, w the frequency variable, and hkl the k-1 entry of the closed loop transfer function.
The above procedure involves a considerable amount of computation for any practical problem. However, all the steps are based on well documented algorithm which have been computerized. Some preliminary computational results indicate that the interaction measure can be reduced compared to a design based entirely on nominal values.
GENERaL PROBLEM DESCRIPTION It is assumed that the system to be controlLed may be modelled by the equations,
(1) y(t) = CX(t), where x(t) is the state vector, u(t) the control input vector, and y(t) is the measurable output vector. The subscript "i" defined over integer values, denotes a set of admissible system parameters. It is assumed that the measurement matrix C has no parameter variation. A nominal set of parameter values is represented by the index i = 0, i.e., nominal system parameters.
A full-order state observer is used to obtain an estimate G(t) of the state x(t).
The observer is designed for nominal system parameters, i.e., (Ao, Bo) denote Finally the control law is assumed to be of the form,
where v(t) is the new input vector such that the transfer function from v(t) to y(t) is as decoupled as possible. The composite system dynamics may then be written,
The transfer function between v(t) and y(t) is then given by,
The following functions are used to measure decoupled system performance: The design problem is then to choose F and K, and possibly G, such that some "interaction measure, " is minimized subject to constraints on diagonal error. The following interaction measure is proposed, In the next section the effect of variations in M OD and MD for a particular example are studied. Final optimization studies have not been completed,however some preliminary computational results indicate that it is possible to reduce an interaction measure such as (8) and acheive some degree of robustness in decoupling as measured by ( 6 ) .
Aircraft Model
The example In this section represents the linearized landing mode longitudinal motion of an aircraft taken from reference [ 71 . The results are listed in Table 1 . 
